The use of [14C ]acetate to label the phospholipids of stringent Escherichia coli, after a decrease in agitation, leads to artifacts resulting from a decrease in the specific activity of the acetyl coenzyme A pool.
Phospholipid synthesis and ribonucleic acid synthesis have been shown to be under the control of the rel locus in Escherichia coli (3, 5, 7, 8, 10, 11) . Amino acid starvation of stringent (rel+) bacteria results in a 50 to 60% decrease in phospholipid synthesis (3, 5, 7, 8, 10, 11) . In contrast, starvation of a relaxed (rel-) strain results in no decrease in phospholipid synthesis (3, 5, 7, 8, 10, 11) . In an earlier report from this laboratory, data were presented that indicated that the net incorporation of [14C] acetate into the lipids of a rel+ strain was the same in amino acid-supplemented and -starved cells (12) . From these results, we concluded that phospholipid synthesis was not under rel gene control (12) . However, these experiments were performed under conditions in which the rel+ strain was subjected concurrently to amino acid starvation and a downshift in shaking rate. Therefore, the data can be interpreted in either of the following two ways. (i) Stringent control of lipid synthesis is not operative during a downshift in shaking speed, or (ii) the use of [14C]acetate, under these conditions, is not a valid means of measuring lipid synthesis. The rationale for the second alternative is that a downshift in growing conditions might result in a change in the specific activity of the [14Clacetyl coenzyme A pool available for lipid biosynthesis in growing cells. In this study we show which of the two alternatives is correct.
In the first experiment, a shiftdown in shaking speed (from 400 to 75 cycles/min) was imposed on a culture of strain PA2 (rel+) at the time of amino acid starvation. As a control, part of this culture was starved at the preshiftdown shaking rate (400 cycles/min). At the time of amino acid starvation, the incorporation of
[14C]acetate into phospholipids was measured.
When a culture of strain PA2 was agitated at 396 the preshiftdown shaking rate (400 cycles/min), phospholipid synthesis was reduced two-to threefold (Fig. 1A) . In contrast, when the culture was subjected to a shiftdown in shaking speed, no difference in the rate of phospholipid synthesis between the amino acid-supplemented and -starved cultures was observed (Fig. 1B) . Ribonucleic acid synthesis and protein synthesis in starved cells were inhibited to the same extent at either shaking rate (Table 1) .
To determine whether the results observed in Fig. 1B (3, 9) . In contrast to the results obtained with labeled acetate (Fig. 1B) [14C]acetate incorporation into phospholipids of rel+ cells after a decrease or no change in the shaking rate of the cultures. A culture of PA2 (rel+), shaking at 400 cycles/min, was grown at 37 C to 2.5 x 108 cells/ml in low-phosphate medium (1) supplemented with L-arginine (100 ,ug/ml), glucose (4 mg/ml), and thiamine (0.5 ,gg/ml). The culture was harvested by centrifugation, washed once, suspended in an equivalent volume of the same medium minus arginine, and divided into two aliquots. One portion was supplemented with L-arginine (100 gg/ml), and the other portion remained unsupplemented. The supplemented and unsupplemented portions were then each divided in half. All four portions were supplemented with 0.1 AiCi of [2-14C]acetate (0.06 uiCi/uimol). Two of the four portions (one supplemented and one unsupplemented) were shaken at 400 cycles/min, and the other two portions were shaken at 75 cycles/min. At 15-min intervals 1.5-ml samples were removed from each portion, the lipid was extracted into chloroform-methanol (1:2), and the incorporated label was extracted and quantitated as described by Nunn and Cronan (6) . The approximate doubling times of strain PA2 at 400 cycles/min and 75 cycles/min were 60 and 120 min, respectively. A similar experiment using valine-induced inhibition of isoleucine biosynthesis (4), instead of arginine removal, gave essentially the same results. One Klett unit corresponds to approximately 5 x 10 cells/ml: (A) preshiftdown shake rate (400 cycles/min); (B) shiftdown shake rate (75 cycles/min). Symbols 4. ["4C]acetate incorporation into the lipids of an acetate-requiring rel+ strain during a shiftdown in shaking rate. Cultures of strains WN13 (A) and CP78 (B) shaking at 400 cycles/min were grown at 37 C in low-phosphate medium (Fig. 1) supplemented with glucose (4 mg/ml), potassium acetate (100 pg/ml), thiamine (0.5 Mg/ml), and L-histidine (20 jug/ml).
Leucine (20 Mg/ml) was added to the culture medium of CP78(AceF+). When a cell density of 2.5 x 108 cells per ml was reached, both were harvested by centrifugation, washed oncg, and suspended in the same medium minus arginine. Each of the cultures was divided into two aliquots. Arginine (20 ug/ml) was added to one portion of each cell suspension (0). The other portion of each culture was left unsupplemented (a). All (2) . The 32P, specific activity of the medium was determined as described by Golden and Powell (3 121, 1975 nanomole of phosphate incorporated into the lipids of unstarved cells is twofold less than that incorporated into starved cells (Fig. 3) .
To show that [4C ]acetate incorporation into phospholipids during reduced shaking is under rel gene control, we repeated the shiftdown experiment with an acetate-requiring rel+ strain, WN13. Since this strain is defective in pyruvate dehydrogenase activity and therefore unable to synthesize acetate from glucose, the problems of endogenous unlabeled precursor synthesis are precluded.
[4C ]acetate incorporation into the lipids of starved cells is two-to threefold less than the unstarved cells (Fig. 4A) . In contrast, when the non-acetate-requiring isogenic strain CP78 was used, phospholipid synthesis in the unstarved cells was reduced to the same rate as starved cells (Fig. 4B) .
The results presented in this communication show that stringent control of lipid synthesis, during a downshift in growing conditions, is maintained by rel+ cells and that the use of [14C]acetate as a precursor, during reduced shaking, is an inaccurate means of measuring phospholipid synthesis.
